The aims of this paper are to provide normative data for primary school-age children from various regions in Australia, to identify secular trends in the data over three decades, to focus on results for selected schools that have adopted varied levels of commitment to the physical education program and finally, to demonstrate a way forward to improve the fitness and skill levels of children. Children's physical (PQ), fitness (FQ) and skill (SQ) quotient data were collated from over 30 years (1981-2012) of program implementation, with individual data from 27,571 students aged 6 -12 years. Compared to the initial cohort of children from whom the sub-scale was created (1981-1989), mean PQ data were consistently 10 -15 points lower for both boys and girls over the past three decades. There appears no identifiable trend for Australian rural versus metropolitan students. Of great concern, however, was the decline in skill level for the younger children over the past 20 years. While fitness levels appear to have been maintained, the poorer SQ scores for the cohort aged 6 years, particularly in females, clearly impact negatively on the composite PQ values. With detailed test protocols and quotient calculations freely available, and now published normative data, the PQ can be used widely across nations to develop genuine hope for the future of improving the health of children.
Introduction
Physical inactivity contributes to the deaths of more than 13,000 Australians and results in more than AUD $1.5 billion in direct healthcare costs each year (Auditor General of Australia, 2012) . Excess body weight is the sixth most important risk factor contributing to the overall burden of disease worldwide with 10% of children now classified as overweight. The main adverse health consequences of this morphology are cardiovascular disease, type-2 diabetes and several cancers (Active Healthy Kids Australia, 2014) . A further alarming problem is that children's activity levels are low and declining (Haslam & James, 2005) .
Researchers worldwide recognize that it is easier to change and promote health behaviors in children than to change poor habits among adults (Tester 2011; Tester & Watkins, 1987 , 1988 , 1994a , 1994b , 1996 . For example, between 1981 and 1989 , Tester (1991 measured the impact of a new physical education (PE) curriculum upon children's fitness and skill levels, with complete stakeholder ownership (by teachers, parents and the children) in a primary school cohort aged 6 -12 years. Through a systematically applied model, the selected children improved their overall fitness and skill when compared to two other randomly selected schools, with no stakeholder ownership. One comparison school had a PE specialist and the other had a classroom teacher who delivered the PE program. All three schools were of similar size of approximately 400 students.
The results for the school that used the Physical Quotient (PQ) data of their students' performances and achieved ownership by all key stakeholders were outstanding, with significant improvement of 50% over the 9 years of the initial study. In contrast, the other two schools did not use the PQ data as a catalyst for change, and did not achieve program ownership by their stakeholders, and so results remained static over the study period. This outcome is consistent with data from Sallis et al. (1991 Sallis et al. ( , 1992 Sallis et al. ( , 1994 Sallis et al. ( , 1995 Sallis et al. ( , 1997 and other researchers (Dwyer et al., 1983; Etnier et al., 1997; Morrow & Freedson, 1994; Ribeiro et al., 2010; Simon et al., 2008; Simons-Morton et al., 1991; Strong et al., 2006) demonstrating that well-designed and engaging PE programs, with logical monitoring data will deliver significant health benefits. Tester and Watkins (1994a , 1994b published the findings of the original study, which resulted in worldwide interest for use of the testing protocol. In part, the popularity was due to the easily understood results which incorporated the innovative PQ scoring scale. The standardized PQ scores were based upon the more familiar Intelligence Quotient (IQ) (Herrnstein & Murray, 1994; Spearman, 2010) . Since 1995, some 319 schools and 33,000 students aged 6 -19 years have been assessed from Australia and Singapore.
However, none of these data have been published or analyzed for secular trends. Therefore, the primary aim of this paper was to provide normative data (by age and gender) for primary school-age children from metropolitan and rural regions in Australia. In addition, we sought to identify trends in the data collected over three decades, as well as to document an ongoing, successful case study to provide PE professionals a model for changing school culture and facilitating the delivery of positive fitness and skill outcomes.
Methods
Children's PQ and the related sub-scales of Fitness Quotient (FQ) and Skill Quotient (SQ) were collated from over 30 years of research (1981 to 2012) providing the largest database of its type in the world. The database includes profiles from 27,571 students aged 6 -12 years and represents primary schools throughout Australia (including metropolitan, regional and remote communities).
Prior to the implementation of the PQ, a handbook of test protocols was developed for the collection of FQ and SQ data; covering safety, warm up, test execution, standardized verbal instructions and a marking protocol. In the initial study, Tester (1991) trained the physical education specialist in School A, where all physical education and sport delivery was left to the specialist, with no stakeholder (parents, teachers and students) buy-in or ownership. In school B, again with no stakeholder ownership, a junior and upper primary teacher were trained to collect the data, while Tester collected all data in School C-Guildford Primary School (Western Australia) with full stakeholder ownership, over the same 9-year period as schools A and B. Tester and his trained physical education staff at Sports Challenge Australia (www.sportschallenge.com.au) completed all fitness and skill testing after 1990 to ensure standardization of scoring.
It should be noted that the FQ and SQ scores for all participating schools was made available at the end of February and November for the 9 years of the initial study. Where there was stakeholder ownership at School C, including a school objective of having fit, healthy and skilled children written into the school plan on an annual basis, the FQ and SQ scores increased significantly over 3 years to a new plateau in the fourth year. In Schools A and B, however, with no stakeholder ownership and the FQ and SQ data not used to monitor, communicate and to modify the PE and sport programs, the scores remained static for 9 years (Tester, 1991) .
Since that initial study, Guildford Primary School has remained committed to the priority of having fit, healthy and skilled children. This school has had a PE specialist since 1990, has adopted a sustainability plan for PE and sport, with resources allocated annually to provide upgraded equipment, induct new teachers and parents annually to the importance of healthy and skilled children, and provide regular communication and individual reporting to all stakeholders. See Figure 1 for an example of the individual feedback that has been provided. This has allowed parents to monitor and develop ownership of their child's performance and provide valuable support for sustainable physical activity both in the school and the community. These data have been collected annually by the PE teacher and Sports Challenge Australia staff.
Development of the PQ, FQ and SQ Scales
An initial database of 10,944 students aged 6 -12 years was used to construct the PQ and both the FQ and SQ sub-scales. Data collection for this initial phase of research over 9 years (1981 to 1989) formed the basis of the composite fitness and skill scores for individuals with respect to their age-and gender-matched peers.
The seven item fitness test battery and summary score (FQ sub-scale), and the 10 item skill test battery (the SQ sub-scale), were combined to create an overall PQ score for each student ( Table 1) . Test items chosen for the fitness and skill batteries were based on functional tests with proven validity and reliability, ease of administration and minimal need for specialized testing equipment (CAHPER, 1974; Hunsicker & Reiff, 1976; Minister for Fitness and Amateur Sport, 1981) . Furthermore, the tests chosen for the fitness scale measured the major physiological capacities of cardiovascular endurance, speed, strength and flexibility. The skill tests represented the fundamental motor movements within educational gymnastics and ball skills that underpin most sports undertaken by children and adolescents ( Table 1) .
The Cronbach Coefficient Alpha test of reliability was applied to all FQ and SQ results in the initial study cohort, with reliability coefficients ranging from 0.78 -0.97. Lower reliability coefficients were noted mainly in the junior primary groups (students aged 6 -7 years), whereas all coefficients for students aged 8 -12 years were above 0.94 (Tester, 1991) . Note. All skill test scores out of a possible 10 points, with the grand mean being the average of each test within each of the two disciplines-educational gymnastics and ball skills.
The resultant PQ, FQ and SQ scores for an individual were typically in the range of 80 -120, with a score of 100 representing an average performance in fitness and skill for a particular age and gender group. The scoring system is equivalent statistically to the standard IQ scale used for assessment of intellectual capacity and follows a Gaussian distribution. An acceptable range for FQ and SQ, or the combined PQ, is 85 -115 points, representing one standard deviation above or below the mean of 100 points.
Following an initial positive response from teachers, parents and health professionals during the first decade (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , now 22 years on (1991-2012) the PQ still provides a relevant, understandable measure that facilitates motivation for all stakeholders (teachers, coaches, children and parents) to effect change in health outcomes.
Data Analysis
Individual test data were scored according to Tester (1991) to create FQ, SQ and PQ summary data. Group mean and standard deviation values were then computed separately for male and female students and reported for seven cohorts of school children aged 6 -12 years inclusively. A series of single-factor analysis of variance tests were conducted with post hoc t-tests used to determine specific group differences. An alpha level for significance was set at p < 0.01 to accommodate multiple comparisons.
Results
FQ, SQ and PQ normative data for Australian primary school children aged 6 -12 years are presented in Tables 2-4, with stratification by age, gender and location (metropolitan or rural). Compared to the initial cohort of children from whom the sub-scale was created (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , both mean FQ and SQ were consistently 10 -15 points lower for both boys and girls in the database (approximately 1 and 0.5 standard deviations lower for FQ and SQ, respectively). There was no identifiable trend for age or gender in this regard, or any consistent trend for rural versus metropolitan students in either FQ or SQ. Similarly, the PQ scores for Australian students (Table 4) were consistently 10 -15 points lower for both boys and girls compared to the initial cohort of children from whom the sub-scale was created. While there appears no identifiable trend for rural versus metropolitan students, the PQ improved at the higher age groups and is consistently higher by 3 -5 points for boys compared to girls. Figure 2 demonstrates the trends in FQ, SQ and PQ for 6-and 12-year-old children over the three decades. Among children aged 6 years, and compared to those tested in the 1980's, both male and female students from the latter decades performed decidedly worse on the SQ by some 20 -30 points (Figure 2(a) ). This was especially marked in the 6 year old girls with a similar trend observed in FQ and the resulting PQ in this cohort 87. 70 ± 20.99 (83, 1806) 87. 49 ± 22.42 (102, 1984) 82. 20 ± 32.55 (19, 165) 83. 45 ± 21.20 (88, 1862) 83. 11 ± 23.84 (107, 2027) 4 (9) 90. 67 ± 29.94 (20, 207) 86. 63 ± 20.21 (78, 1622) 86. 85 ± 22.84 (98, 1829) 75. 93 ± 27.74 (19, 147) 86. 75 ± 20.26 (85, 1761) 84. 12 ± 22.75 (104, 1908) 5 (10) 96. 22 ± 32.69 (17, 154) 91. 91 ± 21.46 (79, 1634) 93.14 ± 23.73 (96, 1788) 90. 47 ± 27.08 (17, 138) 86. 70 ± 20.03 (87, 1862) 87. 70 ± 21.50 (104, 2000) 6 (11) 99. 41 ± 30.67 (16, 131) 92.71 ± 20.00 (74, 1552) 93. 90 ± 22.21 (90, 1683) 93. 59 ± 27.59 (16, 130) 92. 01 ± 17.66 (81, 1849) 92. 27 ± 19.47 (97, 1979) 7 (12) 104. 82 ± 28.79 (17, 137) 93. 42 ± 17.91 (69, 1394) 95.04 ± 21.00 (86, 1531) 100. 22 ± 28.88 (16, 128) 93. 56 ± 18.15 (76, 1793) 93. 47 ± 21.90 (92, 1921) 1 -7 (6 -12) 90. 85 ± 29.95 (124, 1145) 88. 45 ± 21.23 (515, 10751) 88. 82 ± 23.29 (639, 11,896) 82. 37 ± 31.47 (121, 1021) 85. 28 ± 21.18 (561, 12,119) 84. 57 ± 23.64 (682, 13,140) 90.10 ± 14.29 (502, 10, 270) 90.14 ± 14.51 (623, 11, 383) 84. 46 ± 16.86 (118, 996) 87.56 ± 14.51 (548, 11, 631) 87.01 ± 14.99 (666, 12, 627) ( Figure 2(a) ). However, with a trend for improved FQ scores for 6-year-old boys, the resultant PQ scores are reasonably maintained for boys over the past three decades. For boys aged 12 years, a trend for increased mean SQ is countered by a negative trend for FQ, thereby resulting in similar PQ scores over the three decades (Figure 2(b) ). For girls, a spike in SQ during the 1990's occurred and this had a similar effect on the PQ for this decade (Figure 2(b) ).
Finally, mixed-longitudinal PQ data are presented for Year-1 and Year-7 students from Guildford Primary School and compared to the normative data for all schools (Figure 3) . These male and female, 6 and 12 year age cohorts from Guildford have maintained PQ scores well in excess of the normative average data over the past three decades.
Discussion
This paper presents normative data for FQ, SQ and PQ scores, stratified by age and gender, and collated from over 27,000 participants spanning 30 years in the Sports Challenge Australia program. With detailed test protocols and quotient calculations freely available, and now published normative data, this standardized test battery can be adopted universally. Compared to the initial cohort of children from whom the sub-scale was created (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , mean PQ data were consistently 10 -15 points lower for both boys and girls over the past three decades, thought there was no identifiable trend for Australian rural versus metropolitan students.
Many Australians labor under the misapprehension that children from rural communities lead a more active and healthier lifestyle than their metropolitan counterparts. The FQ data presented here are equivocal in this regard. The problems faced by children in rural communities range from the lack of qualified PE teachers, extremes of climate, relatively poor school facilities, a lack of community support and general classroom teachers with limited or no knowledge of delivering quality and engaging PE programs (Tester, 2010) .
Trends across Three Decades
Of great concern in these data, is the decline in skill level for the younger children over the past 20 years. While fitness levels appear to have been maintained, the poorer SQ scores for the year 6 cohort clearly impact negatively on the composite PQ values. As research has shown (Active Healthy Kids Australia, 2014; Haslam & James, 2005) , it is better to teach and improve both physical and health habits in younger children, and this is very true of fundamental movement skills. The trend in Australian schools over the past two decades has been to reduce the number of qualified PE staff in primary schools. In 2012, only one in ten schools had access to such a staff member (Auditor general of Australia, 2012). As a result, fundamental movement skills are not taught consistently through the Australian school system and this important aspect of motor development is often left to Consistent with other researchers, in particular Sallis et al. (1991 Sallis et al. ( , 1992 Sallis et al. ( , 1994 Sallis et al. ( , 1995 Sallis et al. ( , 1997 , Bailey (2006) and the recent Australian survey (Active Healthy Kids Australia, 2014), we acknowledge that participation in school-based PE and sport will not necessarily result in improved health outcomes. Further, the world is now a very different place from the start of this research three decades ago. Today's children are less active and there is an alarming rise in obesity in this cohort. Furthermore, there is less PE time in schools, fewer trained PE teachers in Australian primary schools, fewer children ride or walk to school, and the advent of the computer has increased their sedentary behavior (Eime et al., 2013; Epstein et al., 2008; Mota et al., 2010; Schooler & Trinh, 2011; Vella et al., 2014; Wickel & Eisenmann, 2007; Wong et al., 2011). Nevertheless, the skill level and physical capacity of primary school-aged children are sensitive to an appropriate intervention strategy. Working closely with one Singaporean primary school, Sports Challenge Australia has been successful in creating an environment that has underpinned significant improvements in children's SQ scores in less than 12 months. When there is ownership by the key stakeholders involved in a student's PE development (family, the principal and trained PE staff) and with access to accurate and reliable normative data like the PQ, significant improvements can occur. Evidence from this 30-year research project supports our observation that positive health outcomes can be achieved when there is a systematic commitment by all stakeholders in a community school.
The program adopted by Guildford Primary School aimed to improve fitness and skill levels among the entire student population and this has paid dividends when their scores were compared to two other randomly selected (control) schools of similar size and demographics. The researchers were not interested in simply passively studying, recording and reporting on a sample of school children and comparing it to other samples. They set out to change the environment and create a way of intervening in this school to encourage and foster the development of fit, healthy and skilled children to develop sustainability, which has been demonstrated to be sustainable over 30 years.
Conversely, the two other metropolitan schools that did not use these data effectively (one had a PE specialist and the other had a classroom teacher who ran the PE program) combined with no commitment and ownership from the key stakeholders, there was little change over the 9 years.
Conclusion

